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Abstract Two butterfly species, Sasakia charonda and Hestina japonica, have similar life cycles, 
which both use the same woody species as host plant and overwinter at the base of host trees during 
larval stages. We investigated the relationship between the density of overwintering larvae of these 
two butterfly species and habitat characteristics at two sites, i. e., a suburban site, where secondary 
deciduous broadleaf forest is distributed widely and continuously, and an urban area, which had a 
smaller, patchier distribution of forest than the former site. Density of S. charonda larvae was 
significantly higher in the suburban site than in the urban area, while the difference in the densities 
of H. japonica larvae between the two sites was not significant. The result of a two way ANOVA, 
in which study site and butterfly species were set up as two independent variables, suggested that S. 
charonda might be sensitive to decrease in secondary deciduous broadleaf forest as a result of ur- 
banization, whereas H. japonica is superior to S. charonda in adaptability to reductions in the forest 
and might have a different life history strategy from S. charonda. There was a significant positive 
correlation between the density of S. charonda larvae and the total area of all forest types or the 
total area of the secondary deciduous broadleaf forests, but no significant correlations were detected 
for H. japonica between them. The fact that the density of overwintering larvae of S. charonda was 
affected by reductions in secondary deciduous broadleaf forest, may be closely connected to (1) that 
the density of eggs laid by female adults decreased when the area of nearby secondary deciduous 
broadleaf forest decreased and/or (2) that the mortality rates of young- and intermediate- instar lar- 
vae increased when the area of forest decreased. On the other hand, the fact that a significant corre- 
lation was not found between the density of overwintering H. japonica larvae and the area of 
secondary deciduous broadleaf forest around the host trees may be closely related to (1) that the fe- 
male adults of H. japonica \ay eggs on host trees quite independently of the area of the secondary 
deciduous broadleaf forest surrounding the host trees, and/or (2) that the mortality rates and factors 
of this species are different from those of S. charonda larvae, and are not affected by the area of the 
forest surrounding host trees. The result of this study provided helpful clues for clarifying the rea- 
son why S. charonda and H. japonica coexist to some extent geographically, but their local distri- 
bution patterns differ from each other in Japan. 


Key words Distribution patterns, habitat characteristics, Hestina japonica, Sasakia charonda, sec- 
ondary deciduous broadleaf forests. 


Introduction 


Many studies have reported that habitats of some insect species that rely on similar host 
plants and have similar life cycles overlap to some extent geographically (e. g. Ohsaki, 
1979; Inoue, 1990; Morimoto et al., 1991). To clarify the coexistence mechanism of shap- 
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ing guild structure is one of the most important aims of community ecology. Also, an ex- 
amination of differences in resource utilization patterns among the species is the first step in 
studying the coexistence mechanism of species (e. g. Price, 1984). 


Sasakia charonda and Hestina japonica (Lepidoptera, Nymphalidae, Apaturinae) have sim- 
ilar life cycles: both use the same host trees, Celtis sinensis and/or Celtis Jezoensis, and 
overwinter at the base of host trees during larval stages. In Japan, these two species coexist 
to some extent geographically, but they have different habitat utilization patterns within a 
locality (Fukuda et al., 1983). That is, both species inhabit suburban areas, where second- 
ary deciduous broadleaf forests are widely and continuously distributed (Fukuda et al., 
1983, Kobayashi, 2000b). However, H. japonica inhabits urban areas, where the forested 
areas have been reduced as a result of land development, but S. charonda does not (Fukuda 
et al., 1983, Kobayashi, 2000b). At present, S. charonda is a near-threatened species in 
Japan (Ministry of the Environment, 2000), probably due to its more restricted habitat re- 
quirements than those of H. japonica. However, little is known about why they coexist to 
some extent geographically, but have different local distribution patterns in Japan. 


To obtain the fundamental data for conservation of S. charonda, in the suburban and urban 
areas at Mooka City, Tochigi Prefecture, central Japan, Kobayashi et al. (2004) investigated 
the relationship between the density of overwintering S. charonda larvae per host tree and 
habitat characteristics, e. g. areas of secondary forests within a radius of 100 m of the host 
tree and types of adjacent land uses. They found that, when the area of nearby broadleaf 
forests decreased and the area of paddies, crop fields, or residential land increased, the den- 
sity of the larvae decreased. In the study, they also recorded the larval density of H. japoni- 
ca per host tree, but they have not yet analyzed their data. To compare the relationship 
between the density of overwintering larvae per host tree and habitat characteristics be- 
tween the two species may provide clues to clarify why these species coexist to some extent 
geographically, but have different local distribution patterns in Japan. 


In the present study, we investigated the relationship between the larval density of H. japon- 
ica or S. charonda and habitat characteristics in suburban and urban areas, and we dis- 
cussed the differences in the local distribution patterns between the two species on the basis 
of these results. 


Study sites and methods 


Study sites 


We established a circular study area with a radius of 1,500 m in Shimokomoriya (SK), 
northwest of the center of Mooka city, Tochigi Prefecture, central J apan, and in Isesaki (IS), 
west of the city center (Fig. 1.). The SK site was located in a suburban area, where forests 
are widely and continuously distributed. At the IS site, because urbanization has advanced 
rapidly in recent years, the forest area was smaller with a patchier distribution than that at 
SK. The forested areas at the SK and IS sites were 25% and 12%, respectively (Kobayashi 
et al., 2004). The forests at both sites mainly consisted of secondary deciduous broadleaf, 
coniferous and bamboo forests. The broadleaf forests contained patches of three types of 
forests: secondary mixed forest dominated by Castanea crenata, Quercus serrata, Swida 
controversa and Styrax japonica, and plantations of Quercus acutissima and Q. serrata 
(Kobayashi et al., 2004). The coniferous forests comprised plantations of Cryptomeria 
Japonica or Chamaecyparis obtusa. The secondary mixed forests were more widely dis- 
tributed than were the plantations of Quercus acutissima, Q. serrata, bamboo and 
Cryptomeria japonica or Chamaecyparis obtusa (Kobayashi et al., 2004). At the two study 
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Fig. 1. Map of the two study sites for Hestina japonica and Sasakia charonda, in Mooka City, 
Tochigi Prefecture, central Japan. 


sites, only C. sinensis hosts larval S. charonda and H. japonica (Kobayashi et al., 2004). At 
both sites, C. sinensis regenerates and grows in abandoned fields, around the farmhouses 
and at forest edges. The number of host trees was largest in the secondary mixed forest 
dominated by Castanea crenata, Quercus serrata, Swida controversa and Styrax japonica 
(Kobayashi et al., 2004). 


Density of overwintering larvae per host tree and habitat conditions around host trees 
(1) Density of larvae per host tree 


We found 81 and 201 host trees (tree height: >2 m) in the SK and IS site, respectively 
(Kobayashi et al., 2004). We researched only trees, whose height was >2 m, because the 
number of trees of all sizes was too large to be practicable. During the period from the last 
ten days of November to the last ten days of December 1996, we randomly sampled 42 and 
54 host trees, whose height was >2 m in the SK and IS site, respectively. All these trees 
were located at the edge of the secondary mixed forest dominated by C. crenata, Q. serrata, 
S. controversa and S. japonica, We then collected litter from within 50 cm of the bases of 
those trees as carefully as possible and counted the number of S. charonda and H. japonica 
larvae per host tree in our laboratory. 


The difference in the larval density of each butterfly species per host tree between the two 
sites was tested by Mann-Whitney U-test. We used two way ANOVA to test whether the 
difference in the densities of overwintering larvae between the two study sites significantly 
differed between S. charonda and H. japonica. Butterfly species and study sites were set up 
as the independent variables in the two way ANOVA. 
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(2) Relationship between larval density per host tree and habitat conditions around 
host trees 


The sap of Q. acutissima is a major food resource for adult S$. charonda in and near Mooka 
City (Kobayasi and Inaizumi, 2003; Kobayashi and Kitahara, in press). Density of over- 
wintering larvae of S. charonda per host tree varied depending on the size of the host tree 
(Kobayashi et al., 2004). Mortality rates or factors of inoculated S. charonda larvae 
(Kobayashi and Inaizumi, 2002) and the density of eggs laid by the female adults per host 
tree (Kobayashi and Kitahara, in press) varied depending on the percentage of the area of a 
broadleaf forest within a radius of 100 m of the host tree. The density of eggs laid by the 
female adults per host tree may be also affected by whether there are obstacles such as 
buildings surrounding the host tree, which were likely to disturb the adult flying. 
Therefore, we focused on the following six factors as the habitat characteristics around the 
focal host trees where we counted the number of larvae of the two butterfly species: (1) dis- 
tances from a focal tree to the nearest stand of Q. acutissima, (2) the number of host trees 
surrounding the focal host tree (this number contained the focal host tree), (3) and (4) the 
total area of all forest types, and the total area of secondary deciduous broadleaf forest sur- 
rounding the focal host tree, and (5) type of land use adjacent to the forest edge containing 
the focal host trees, (6) size of the focal host trees. We tested the relationship between the 
larval density per host tree and these six habitat characteristics. 


We measured the diameter at the breast height (DBH) of the focal trees at the two study 
sites. We used DBH as an index of the size of a focal tree. We identified areas of wood de- 
ciphering aerial photographs at the two study sites (published by Geographical Survey 
Institute in 1993, scale: 1/25,000). 


We walked around all areas of the wood, and found the following seven types of forest: (1) 
plantations of Quercus acutissima, (2) Quercus serrata, (3) coniferous tree (Cryptomeria 
Japonica or Chamaecyparis obtusa) or (4) bamboo (Phyllostachys heterocycla or 
Phyllostachys bambusoides), (5) secondary mixed forest dominated by Castanea crenata, 
Quercus serrata, Swida controversa and Styrax japonica, (6) windbreak forests and (7) for- 
est parks. The structures of these forests were reported by Kobayashi et al. (2004). Then, 
we walked again around all areas of the wood with a blank map (1/10,000), on which land 
use was recorded, and areas of each type of forest were painted with different color on the 
map. The locations of all host trees (SK site : 81, IS site: 201), whose height was >2 m, 
were also indicated on these maps. 


Using the maps, on which areas of each type of forest were drawn and location of host trees 
were dotted, we measured the straight distances from each focal tree to the nearest stand of 
Q. acutissima. We drew a circle with a 100 m radius around each focal tree, counted the 
number of host trees (containing the focal tree) within the circle, and measured the total 
area of all forest types and the total area of secondary deciduous broadleaf forests (planta- 
tions of Q. acutissima or Q. serrata and secondary mixed forest dominated by C. crenata, 
Q. serrata, S. controversa and S. japonica) within the circle using an area scale with dot 
grids S-II (Japan Forest Technical Association, 1963). 


As mentioned above, all focal trees were located at the edge of secondary mixed forest 
dominated by C. crenata, Q. serrata, S. controversa and S. japonica. Within the circle with 
a 100 m radius around each focal tree, we identified the type of land use of the area adja- 
cent to the forest edge where a focal tree was present. The land uses identified were the fol- 
lowing ten types: (1) ferroconcrete two- or more- story buildings, (2) gravel parking area, 
(3) asphalt roads, (4) non-paved narrow footpaths where only small farming vehicles can 
pass, (5) paddies, (6) crop fields, (7) waste fields, (8) grasslands, (9) ponds, and (10) 
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Table 1. Mean value of each habitat component on focal host trees and number of the trees clas- 
sified into type 0 in each site (Kobayashi er al., 2004). 











Study site 
Shimokomoriya Isesaki t, P 
Mean value of each habitat component on focal host trees 
DBH of trees (cm) 16.9+8.2 19.6+10.6 t=-1.34, P=0.18" 
Toral area GE allstorest types äronnd 13790+4847 11822+6655 1=2.81, P<0.01" 
a tree (m°) 


Total area of secondary deciduous 
broadleaf forest around a tree (m°) 
Distance from trees to the nearest Q. 
acutissima stand (m) 

Number of C. sinensis trees around 


10791+5615 866745884 t=2.70, P<0.01" 


154.74123.4 158.1+126.2  t=—1.60, P=0.87” 








te roe alsiathirece 3.3+1.6 6.75.3 t=—3.96, P<0.01” 
Shimokomoriya Isesaki XP 
Number of the trees classified into type 0” (% to number of all focal trees) 
6 (14%) 24 (44%) X =8.65, P<0,01” 





" Real value in each tree was log-transformed, and then, the difference in the transformed values 
between the two sites was tested by t-test. 

» Real value in each tree plus 1 was log-transformed, and then, the difference in the transformed 
values between the two sites was tested by /-test. 

” This number contained the focal host tree. 

” The difference in proportion of number of the trees classified into type 0 to total number of focal 
trees between the two sites was tested by Chi-squared test. 


farmer’s one-storied houses. Among them, ferroconcrete two- or more- story buildings, 
gravel parking area and asphalt roads were defined as the type of land use which were like- 
ly to prevent female adults from flying to the focal host trees (type 0), because ferrocon- 
crete two- or more- story buildings seemed to reduce flying spaces for female adults and 
gravel parking area and asphalt roads seemed to promote heavy traffic. Non-paved narrow 
footpaths where only small farming vehicles could pass, paddies, crop fields, waste fields, 
grasslands, ponds, or farmer’s one-storied houses were defined as the type of land use 
which was more unlikely to prevent female adults from flying to the focal trees than type 0 
(type 1), because these were more unlikely to reduce flying spaces by female adults and to 
promote heavy traffic than type 0. 


The number of larvae (N) of each species per host tree plus ] was log-transformed. In each 
species, statistical significances of the regressions and correlations between the transformed 
values of larval density (log(N+1)) and logarithms of (1) the total area of all forest types, 
(2) that of secondary deciduous broadleaf forest, (3) the distance from focal tree to the 
nearest stand of Q. acutissima, and (4) the number of host trees were tested. The difference 
in the transformed values of larval density (log(N+1)) between the two types of land use 
(type 0 and 1) was tested by t-test. 


Results 


The average values of habitat components in the two study sites 


The average values of habitat components measured in the two study sites and the statisti- 
cal significance of the differences in the average values between the two sites are shown in 
Table 1. The total areas of all forest types and of secondary deciduous broadleaf forest sur- 
rounding the focal trees were significantly higher in SK than in IS site, although there were 
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Table 2. Density of overwintering larvae of Hestina japonica and Sasakia charonda. 














Study site 
Shimokomoriya Isesaki P 

Hestina japonica larvae 

Number of trees investigated 42 54 

Number of trees where the larvae were found (%)” 37 (88%) 49 (91%) >0.05” 

Minimum-—maximum number of larvae per tree 0-30 0-39 

Mean+SD of the number of larvae per tree 7.5+8.2 9.7+9.1 >0.05” 
Sasakia charonda larvae (Kobayashi et al., 2004) 

Number of trees investigated 42 54 

Number of trees where the larvae were found (%)” 38 (90%) 39 (72%) <0.05” 

Minimum-maximum number of larvae per tree 0-265 0-65 

Mean+SD of the number of larvae per tree 25.4+44.4 12.1+16.8 <0.05” 
Two way ANOVA df F P 

Species l 0.24 0.63 

Study site 1 7.31 <0.01 

Interaction (species X study site) 1 12.54 <0.01 





» The difference in the proportion of numbers of trees where larvae were found to total number of 
trees investigated between the two sites was tested by a Chi-square test. 

» Proportion to total number of trees investigated. 

» The difference in the densities of larvae between the two sites was tested by Mann-Whitney U- 
test. 


no significant differences in DBH and in the distances to the nearest Q. acutissima stand be- 
tween the two sites. The number of host trees surrounding focal trees was significantly 
higher in IS than in SK site. The percentage of the number of host trees adjacent to the type 
of land use which are likely to prevent female adults from flying to the focal host trees (type 
0) to the number of all focal trees was significantly higher in IS than in SK site. 


Density of H. japonica and S. charonda larvae per host tree in the two study sites 


The percentage value of the number of host trees, in which the larvae were found, to the 
total number of host trees investigated and the minimum, maximum and average larval den- 
sities per host tree of each species in the two sites are shown in Table 2. The differences in 
the percentage value and the density of H. japonica larvae between the two sites were not 
significant. The percentage value and the larval density of S. charonda were significantly 
higher in SK site than in IS site. Based on the result of two way ANOVA, in which study 
site and butterfly species were set up as two independent variables, the differences in the 
densities between the two study sites and among the interactions by study site and species 
were significant. 


Relationship between larval density per host tree and habitat characteristics near host 
trees 


In both sites, there were significant positive correlations between the density of H. japonica 
larvae and DBH of focal trees (Fig. 2), but there were no significant correlations between 
the larval density and the total area of all forest types, the total area of secondary deciduous 
broadleaf forests, the distance to the nearest Q. acutissima stand, and the number of host 
trees around a focal tree (Table 3). The differences in the density of H. japonica larvae be- 
tween the two types of land use adjacent to the focal trees were not significant in either site 
(Fig. 2, t-test, SK site: =0.46, P=0.65, IS site: t=-1.11, P=0.27). 


In both sites, there was no significant correlation between the density of S. charonda larvae 
and the distance to the nearest Q. acutissima stand (Table 3), but there were significant cor- 
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Type of land use 


Fig. 2. Relationships between the number of Hestina japonica larvae per tree (N) and habitat char- 
acteristics. (A) DBH (cm) of focal host trees, (B) Type of land use adjacent to the forest 
edge containing the focal host trees. Type 0: ferroconcrete two- or more- story buildings, 
gravel parking area, or asphalt roads, which are likely to prevent female adults from flying 
to the focal host trees. Type 1: non-paved narrow footpaths where only small farming vehi- 
cles alone can pass, paddies, crop fields, waste fields, grasslands, ponds, or farmer’s one- 
storied houses, which are more unlikely to prevent female adults of from flying to the focal 
trees than type 0. Simple linear regressions between the transformed number of larvae and 
transformed value of DBH were calculated and their significances were tested (A). The 
difference in the number of larvae between the two types of land use was tested by t-test (B). 


relations between the larval density and the total area of all forest types, and the total area 
of secondary deciduous broadleaf forest (Fig.3). The differences in the larval density be- 
tween the two types of land use adjacent to the focal trees were not significant in both sites 
(Fig. 3, t-test, SK site: t=-1.42, P= 0.16, IS site: t=—1.79, P=0.07). In SK site, there was 
no significant correlation between the density of S. charonda \arvae and the number of host 
trees around a focal tree, but there was a significant negative correlation between them in IS 
site (Fig.3). In IS site, there was no significant correlation between the density of S. 
charonda larvae and the DBH of a focal tree, but there was a significant positive correlation 
between them in SK site (Fig. 3). 


Discussion 


In this study, the results of two-way ANOVA suggested that S. charonda might be sensitive 
to decreases in secondary deciduous broadleaf forests as a result of urbanization, whereas 
H. japonica is superior to S. charonda in adaptability to reduction in the forest and might 
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Table 3. Statistical significances of the regressions and correlations between the logarithms of lar- 
val density per host tree and logarithms of various habitat components in two butterfly 
species, Hestina japonica and Sasakia charonda. 














Independent variables ae Pien cange Regression line Hipninicance of 
í of r,” the regression” 
DBH 
H. japonica Shimokomoriya 0.61 a y=1.33.x-0.85 aE 
Isesaki 0.38 * y=0.61x+0.12 oe 
S. charonda Shimokomoriya 0.42 a y=1.26x—-0.46 ae 
Isesaki 0.02 NS y=0.05.x+0.71 NS 
Total area of all forest types surrounding the focal host tree 
H. japonica Shimokomoriya —0.02 NS y=-0.07x+1.02 NS 
Isesaki 0.06 NS y=0.08x+0.56 NS 
S. charonda Shimokomoriya 0.43 $ y=1.80x-6.38 ER 
Isesaki 0.46 i y=0.88x-2.73 oe 
Total area of secondary deciduous broadleaf forest surrounding the focal host tree 
H. japonica Shimokomoriya —0.11 NS y=-0.20x+1.51 NS 
Isesaki 0.08 NS y=0.09x+0.53 NS 
S. charonda Shimokomoriya 0.32 jj y=0.82x-2.21 ’ 
Isesaki 0.3 = y=0.45x-0.93 * 
Distances from a focal tree to the nearest stand of Q. acutissima 
H. japonica Shimokomoriya -0.29 NS y=—0.10x+0.91 NS 
Isesaki —0.08 NS y=—0.05x+0.96 NS 
S. charonda Shimokomoriya 20:21 NS y=—0.18x+1.37 NS 
Isesaki —0.08 NS y=—0.45x+0.90 NS 
Number of host trees surrounding the focal host tree (this number contains the focal host tree) 
H. japonica Shimokomoriya -0.03 NS y=—0.06x+0.75 NS 
Isesaki —-0.18 NS y=-0.22x4+1.22 NS 
S. charonda Shimokomoriya —0.01 NS y=-0.04x+1.05 NS 
Isesaki —0.36 aka y=—0.62x+1.20 et 





” Pearson’s correlation coefficient. 
2? *; P<0.05, **: P<0.01, NS: not significant (P>0.05). 


have a different life history strategy from S. charonda. 


In both sites, there were significant positive correlations between the density of S. charonda 
larvae and the total area of all forest types and the area of secondary deciduous broadleaf 
forest around the host trees, but there were no significant correlations between the density 
of H. japonica larvae and those habitat components as stated above. Why is the density of 
S. charonda affected by decrease of secondary deciduous broadleaf forests, whereas H. 
japonica is not? Possible explanations are as follows. Kobayashi and Inaizumi (2002) 
planted host trees of these butterflies in a meadow, a small narrow secondary deciduous 
broadleaf forest and a large secondary deciduous broadleaf forest. Then they counted the 
numbers of flying female adults of S. charonda and eggs laid by the females in each site. 





Fig. 3. Relationship between the number of Sasakia charonda larvae per tree (N) and each environ- 
ment factor. (A) DBH (cm) of focal host trees, (B) Forest area (m°), (C) Secondary decidu- 
ous broadleaf forest area (m°), (D) Type of land use adjacent to the forest edge containing 
the focal host trees. See Fig. 2 for the explanation of Type 0 and Type 1. (E) Number of 
host trees surrounding a host trees. Simple linear regressions between the transformed num- 
ber of larvae and transformed value of DBH, forest area, secondary deciduous broadleaf 
forest area, and the number of host trees surrounding a host trees were calculated and their 
significances were tested (A, B, C, and E). The difference in the number of larvae between 
the two types of land use was tested by t-test (D). 
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They found that the densities of the female adults and eggs laid in the meadow and in the 
small narrow secondary deciduous broadleaf forest were significantly lower than in the 
large secondary deciduous broadleaf forest (Kobayashi and Kitahara, in press). The mortal- 
ity rates of inoculated young- and intermediate-instar larvae of S. charonda were reported 
to be higher in a meadow than in both a small, narrow broadleaf forest and a large broadleaf 
forest. Especially in the meadow, all of the inoculated larvae were completely destroyed 
(Kobayashi and Inaizumi, 2002). The high mortality rate in the meadow occurred from the 
first ten days of July to the middle ten days of August, and resulted from predation by a 
large number of killer ants, Lasius sakagamii or Formica japonica, climbing the host trees 
(Kobayashi and Inaizumi, 2002). The number of these ants climbing the host trees in the 
meadow was higher in the period stated above than in other seasons, and the period just 
corresponds to the season when the larvae of S. charonda hatch (Kobayashi, unpublished 
data). Therefore, in this study, the reasons why the density of overwintering larvae of S. 
charonda was affected by reductions in the secondary deciduous broadleaf forests may be 
(1) that the density of eggs laid by female adults decreased when the area of nearby second- 
ary deciduous broadleaf forest decreased and/or (2) that the mortality rates of young- and 
intermediate- instar larvae increased when the area of the forest decreased. On the other 
hand, we observed that the female adults of H. japonica flew around and oviposited on host 
trees planted in the meadow, in the narrow, small broadleaf forest, and in the large broadleaf 
forest (Kobayashi, unpublished data). We also observed the larvae of this butterfly on the 
leaves of host trees in the same three sites. In particular, the larvae were observed in April 
and October in the meadow. However, in the meadow, this period corresponds to the sea- 
son when the number of ants climbing on the host trees was low, compared with the sum- 
mer season (from the first ten days of July to the middle ten days of August) (Kobayashi, 
unpublished data). Around the study area, it is speculated that H. japonica is multivoltine 
and the number of generations per year is 2 or 3 (Kobayashi, 2000a). If the larvae of H. 
japonica hatch on isolated host trees in the meadow during the period from the first ten 
days of July to the middle ten days of August, when the density of ants climbing the host 
trees is at its highest, the mortality rate of H. japonica larvae due to predation by ants may 
be as high as that of S. charonda. However, if the larvae of H. japonica hatch on the host 
trees after the last ten days of August, they will overwinter at the bases of the host trees, 
will climb host trees in early April, will pupate from the end of April to the first ten days of 
May, and then the adults will emerge in the middle of May. The development period of the 
larvae corresponds to the period when the density of killer ants climbing host trees in the 
meadow was low, except for the period from the first ten days of July to the middle ten days 
of August. Therefore, the survival rates of these larvae are probably higher than those of 
the larvae hatched in the periods from the first ten days of July to the middle ten days of 
August. One of the reasons why a significant correlation was not found between the densi- 
ty of overwintering H. japonica larvae and the area of secondary deciduous broadleaf forest 
around the host trees is that the female adults of H. japonica lay eggs on host trees quite in- 
dependently of the area of the secondary deciduous broadleaf forest surrounding the host 
trees. Or another reason may be that the mortality rates and factors of H. japonica are dif- 
ferent from those of S. charonda larvae, and are not affected by the area of the secondary 
deciduous broadleaf forest surrounding host trees. However, we need an experimental test 
for this hypothesis. 


If the land use in the area adjacent to the secondary deciduous broadleaf forest edge includ- 
ing focal trees is ‘type 0’ such as ferroconcrete two- or more- story buildings, gravel park- 
ing area, asphalt roads, this land use type is likely to prevent female adults of both species 
from flying to the focal host trees. But the densities of overwintering larvae of both species 
were not affected by the types of land use adjacent to the focal trees. Although the reason 
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was not clear, it was considered that at least in the present study area, the female adults of 
both species can find host trees and lay eggs on them even if there are ferroconcrete two- or 
more- story buildings, gravel parking area, or asphalt roads near the host trees. Also, larval 
mortality rates and factors of both species may not be affected by the type of land use in the 
areas adjacent to the secondary deciduous broadleaf forest edge including host trees. 


In and around the study sites, a major adult food resource of S. charonda was the tree sap of 
Q. acutissima (Kobayashi and Inaizumi, 2003; Kobayashi et al., 2004). Moreover, mark-re- 
capture study (Kobayashi and Kitahara, in press) suggested that the feeding and flight activ- 
ities of both sexes in mature S. charonda adults were limited to large broadleaf forests 
containing Q. acutissima stands with many sap-producing Q. acutissima trees and that 
long-distance dispersal of adult females searching for host trees seldom occurred. 
However, in this study, the larval density of S. charonda was not significantly correlated 
with the distance to the nearest Q. acutissima stand. As mentioned above, the densities of 
the female adults and eggs on host trees experimentally planted in a meadow and in a small, 
narrow secondary deciduous broadleaf forest were significantly lower than in a large sec- 
ondary deciduous broadleaf forest (Kobayashi and Kitahara, in press). This large broadleaf 
forest contained plantations of Q. acutissima with many sap-producing Q. acutissima trees 
(Kobayashi and Kitahara, in press). The study also suggested that the feeding sites of adult 
S. charonda were located near the oviposition sites. In the present study, the reason why 
the density of S. charonda larvae was not significantly correlated with the distance to the 
nearest Q. acutissima stand may be (1) that some host trees are located near Q. acutissima 
stands with many sap-producing Q. acutissima trees and those locations are suitable for 
oviposition, but the areas of secondary deciduous broadleaf forest surrounding the host 
trees were narrow, resulting in high mortality rates of larvae and/or (2) that some host trees 
stand near the Q. acutissima stands, but there are no sap-producing trees in them. On the 
other hand, as well as S. charonda, one of the adult food resources of H. japonica was re- 
ported to be the tree sap of Q. acutissima (Fukuda et al., 1983), but we did not observe that 
the density of adult H. japonica was higher at the Q. acutissima stands with many sap-pro- 
ducing trees than elsewhere (Kobayashi, unpublished data). S. charonda depended on Q. 
acutissima tree sap in large secondary deciduous broadleaf forests as their main resource. 
But adult H. japonica is unlikely to depend only on the tree sap of Q. acutissima. 


In future, we need to solve the following questions: 1) are the mortality rates and factors of 
H. japonica larvae related to the area of the secondary deciduous broadleaf forest surround- 
ing host trees? 2) what is the food resource of H. japonica? and 3) is the density of H. 
japonica larvae per host tree related to the distance from the host tree to the adult food re- 
source? Solving these questions may clarify the reason why S. charonda and H. japonica 
coexist to some extent geographically, but have different local distribution patterns in Japan. 
Yet, the results of this study provided helpful clues for clarifying the reason stated above. 
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if E 


WAVE BIFS AALADPEE AVIV a YORO A ERR UREA - 
JER IEE) 


IVS AFF AVEAALIYS ACEEA L, SEMWOMTCMATAZR E k > 
TEER FFOF 37 CHS}. RMT, CNS EZTOT, MAD HOB LR EBS 
E ORRE, ARIZ RB KK LAE, RAN) OMTA MEDEA CUS PBT E ORIDE l RIES SH 
ARRIM BUY CN. TAA PPS OMRO BELT L YO LACEY CHEK Bork 
DIL, PVY FF aI OMBO BARLEY L BHBOH CHBREDE Dor. BAHL AS Th 
LERE LEILA E DARA ORED OS, FAL AUX LIC k AZKORTE 
DADL, PRI FF aTlstFAFYEEY &IKMKORLAOMEDOENTrIARE, CF 
O2MILAWI CRG AEE PRB Ho CMA LR bh. SEMDMAMORMKS LOLRKO 
FEAAL APA OMRO BRO Lc IRT E MLOMAIC BY CEOMMDBO SNE. INE 
WL, PVT TF aD OQ ORElLKO AAO RKC RKO AE CISA BRE HDePok. + 
HL TED YO BEDE O AKAROA wR E L BIME PLAS EIS, THO R 
Di2 ko CHEM HCE SHADIFSNAMORMREAREPLECE, b Llo SVL HH 
NMHC RoR CEMPRRL CTV AZL BONS. —J, IVIIF a OMQHOBE k AHO 
RAR AR ¢ ONC BERD S Redo HH OTIS, HERDS BAO OR PRB IC RR 
te < PR ICHEINe To ToT k LADNA. COMIC, PROPHCBAPFAALAGYEL RRS 
TOT, FCDA AD Z KAER ELO CL AA ONS. KEE YD, WMAAKICB 
OTHE H SHEET SS OO, MÉN THM A ANADA ED 
ARa FED o ABD tz. 
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